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SUMMARY 
A study of the effects of malathion and parathion applied at 10 and 50 ~tg/g of soil on transformations 
of urea and (NH4)zSO4-N in a sandy loam showed that the insecticides retarded urea hydrolysis as 
well as nitrification of urea and (NH4)2SO4-N. At 50 parts/106 rate of the insecticides, inhibition of 
urea hydrolysis ranged from 44 to 61 ~ after 0.5 week and from 7 to 21 ~ after 3 weeks of application. 
The insecticides inhibited the conversion of NH4 + to NO 2- without appreciably affecting the 
subsequent oxidation of NO z- to NO 3 --N. This resulted in accumulation of higher amounts of 
NH 4 § in soil samples treated with ammonium sulfate or urea N. 
The results uggest that transformations of urea and NH, + fertilizers in soils may be influenced by 
the amount of organophosphorus in ecticide present and this may affect plant nutrition and fertilizer 
use. 
INTRODUCTION 
Ma la th ion  and parath ion  are two of the organo-phosphorus  insecticides cur- 
rent ly hav ing a wide usage. With the decl ine in the use of the ch lor inated 
hydrocarbon  insecticides, the use of  these broad spectrum, relat ively safer g roup  
of o rgano-phosphorus  insecticides is expected to increase. However ,  it is well 
known that some of these organo-phosphorus  insecticides ( including mala th ion  
and parath ion)  are potent  inhib i tors  of aeetyl ehlo l inesterase (See Me ln ikov  9) 
and the side effects of these bio logical ly  act ive agr icu l tura l  chemicals  on sensit ive 
microb io log ica l  processes l ike minera l i zat ion and nitr i f icat ion of NH 4 + ferti- 
l izers cannot  be ruled out  and somet imes these short  t ime effects may be impor -  
tant  for soil microf lora  and plant nutr i t ion to, i t, 12. 
* Present address: International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 1-11-256, 
Begumpet, Hyderabad 500 016, A.P., India~ 
12 K .L .  SAHRAWAT 
Though the  fate  and  degradat ion  o f  both  mala th ion  and  parath ion  in soi ls  
have  been  wel l  s tud ied  4' 5,6, 8, t 5,16, yet  l i tt le in fo rmat ion  is ava i lab le  about  the i r  
ef fects  on  the  t rans format ions  o f  u rea  and  NH 4 § fert i l izers.  Recent ly  Lethbr idge  
and  Burns7  have  repor ted  that  accoth ion ,  th imet  and  malath ion  insect i c ides  
inh ib i ted  soi l  u rease  and  checked  urea  hydro lys i s  by  jackbean urease .  Th is  paper  
repor ts  the  effects o f  ma la th ion  and  parath ion  insect i c ides  on  the  t rans for -  
mat ions  o f  ammonium su l fate  and  urea  N in soil .  
MATERIALS AND METHODS 
The soil used was a surface 0-15 cm) sample of a sandy loam alluvial soil. The soil was air dried and 
ground to pass a 2 mm sieve before use and analysis reported in Table 1 was performed as described 
earlier 13. Chemically pure, technical grades of both malathion (S-1,2-dicarbethoxyethyl)-0-0- 
dimethyldithiophosphate) nd parathion (0,0-diethyl 0-p-nitrophenylphosphorothioate) wer  used. 
Table I. Analysis of soil 
pH CEC Organic Total Sand Clay WHC NH4§ NO3- -N  
(meq/ C N (~) (~o) (~) (gtg/g (lag/g 
100g) (~) (~) soil) soil) 
7.i 8.9 0.58 0.07 70 17 32 1.5 8.6 
Samples of 200g soil were weighed in 500ml beakers and treated with 100~tg N/g of soil from 
(NH4)2SO 4 or urea. The insecticides were dissolved in the minimum amount of acetone (1-2 ml) 
diluted with water and applied to soil at concentrations of 10 and 50 lag/g soil. An equal amount of 
acetone was added to the soil samples without insecticide treatments. The beakers were kept open for 
about 2 hours to allow acetone to evaporate. Enough water was then added to the samples to bring 
them to 60~o WHC moisture and the fertilizer and the insecticides were properly mixed with the soil. 
The samples were incubated at room temperature (mean 30~ maximum 39~ and minimum 21~ 
in beakers, covered with polyethylene sheets. The soil samples were maintained at 60~ WHC 
moisture by periodically adding distilled water. 
Ten g soil samples were analysed in duplicate for NH4 +, NO 2 - and NOa- -N  weekly 14. Soil 
samples incubated with urea were also analysed for urea-N in duplicate 2. The percentage inhibition 
of urea hydrolysis or nitrification of ammonium sulphate and urea N by malathion and parathion 
was calculated ~. Percentage inhibition of urea hydrolysis was calculated from (A-B)/C-B) • 100 
where A = amount of urea found after incubation of soil treated with insecticides. B = amount of urea 
with control (no insecticide added) and C = amount of urea added. Percentage inhibition of 
nitrification of urea and (NH4)2SO 4 N was calculated from (C-S)/C x 100 where S = amount of 
(NO 2 - + NO 3 - )-N produced in the soil sample treated with insecticide and C = amount of (NO 2 - 
+ NO 3 - )-N found in the control (no insecticide added). 
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RESULTS AND DISCUSSION 
Data on transformations ofurea-N in soil (Table 2) showed that both insecticides 
retarded urea hydrolysis. There was more inhibition with parathion than with 
malathion at both rates of application. Urea hydrolysis was complete by 1 week 
without insecticide treatments. Urea hydrolysis was delayed up to 3 weeks by 
higher concentrations of malathion and parathion and was complete by 4 weeks. 
The inhibition of urea hydrolysis ranged from 30 to 61 per cent after 0.5 week and 
from 0 to 21 per cent after 3 weeks of application with both concentrations of the 
insecticides (Table 3). The rapid hydrolysis of untreated urea observed is not 
uncommon in soils with near neutral or above neutral pH 1,13. 
Nitrification of (NH4)2SO 4 and urea N in soils was also inhibited by in- 
secticide treatments. Parathion more severely inhibited nitrification of the ferti- 




Amounts of urea and inorganic N (parts/106) after weeks 





0 Urea-N 8 0 0 0 0 0 
NH4-N 58 43 30 18 8 5 
NO2-N 5.0 5.4 2.9 3.4 1.0 0.0 
NOa-N 21 40 59 73 84 91 
10 Urea-N 36 13 8 0 0 0 
NH4-N 40 51 43 26 14 7 
NO 2 N 6.5 8.5 6.0 4.8 3.6 1.8 
NO3-N 11 30 40 61 74 84 
50 Urea-N 49 29 20 11 0 0 
NH4-N 37 65 60 51 39 15 
NO2N 3.0 5.0 8.8 10.0 6.8 3.0 
NO3-N 2 3 5 21 46 71 
10 Urea-N 43 17 10 7 0 0 
NH4-N 38 58 50 39 20 8 
NO2-N 8.5 10.0 7.5 4.0 2.0 1.0 
NO3-N 5 11 24 41 68 75 
50 Urea-N 64 35 30 21 0 0 
NH~-N 22 60 54 50 42 19 
NO2-N 4.0 5.8 10.5 8.0 7.2 4.6 
NO 3 N 2 2 2 14 34 63 
* The amounts of NO2-N ranged from 0.0 to 1.5 parts/106 inall the treatments with and without insecticides 
after 6 weeks. 
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Table 3. Effects of malathion and parathion on urea hydrolysis n soil 
Insecticide Amount of 
insecticide 
(I.tg/g soil) 
inhibition of urea hydrolysis after weeks 
0,5 1 2 3 4 
Malathion 10 30 13 8 0 0 
Malathion 50 44 29 20 11 0 
Parathion 10 38 17 10 7 0 
Parathion 50 61 35 30 21 0 
Table 4. Effects of malathion and parathion on nitrification of urea and ammonium sulfate 
nitrogen in soil 
Insecticide Amount of 
insecticide 
(lag/g soil) 
Inhibition of nitrification (~) after weeks 
With ammonium sulfate With urea 
1 2 3 4 5 6 1 2 3 4 5 
Malathion l0 29 29 12 10 6 3 15 26 14 9 6 
Malathion 50 41 50 38 36 23 14 82 78 59 38 19 
Parathion 10 36 40 33 34 18 18 54 49 41 18 16 
Parathion 50 31 61 62 48 36 24 83 80 71 52 26 
lizers (Table 4). The insecticides at 10 and 50 ~tg/g soil rates considerably retarded 
the conversion o fNH 4 § to NO 2- in soils treated with (NH4)eSO a or urea N. But 
the nitrification of urea N appeared to be more strongly inhibited uring the first 
3 weeks probably due to the lag created by inhibit ion of urea hydrolysis which 
delayed nitrification particularly at higher ates of the insecticides (Table 2). This 
resulted in accumulation of higher amounts of NH 4 +-N treated samples over 
untreated (NH4)2SO 4 and urea. 
Malathion and parathion did not appreciably affect the conversion of NO 2 - 
to NO 3 - -N  but the amounts of NO 2 - -N  tended to increase up to around 10 
parts/106 with higher ates of malathion and both rates of parathion with urea N. 
But this amount  of NO 2 - -N  did not persist and after 5 weeks the amounts of 
NO 2 - -N  in urea + insecticide treatments ranged from 0.0 to 1.5 parts/106 only. 
The highest amounts of NO 2- N accumulated with untreated (NH4)2SO 4 and 
urea N were only 1.8 and 5.4 parts/106 respectively. With (NH4)2SO 4 as the 
source of N the NO 2 -N  accumulation i samples treated with insecticides 
tended to increase but never exceeded 9.5 parts/106 and was very low after 6 
weeks. With both the fertilizers, NO 2- oxidation seemed to be little affected by 
the insecticide treatments and the maximum accumulat ion ofNO 2 - (around 10 
parts/106) occurred uring first 2 weeks and then the amounts fell down quickly. 
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With the inhibition of conversion ofNH~ + to  NO 2 - by insecticide treatments, 
the rate of NO 3 - -N  formation was greatly retarded in soil samples treated with 
both (NH4)2SO4 and urea up to 5 weeks (Tables 2 and 4). The rate of nitrification 
of (NH4)2SO 4 appeared to be slower than that of urea. In case of untreated urea 
about 91~ of the applied N had nitrified by 5 weeks but in case of (NH~)2SO 4it 
took 6 weeks to attain this and this lag in nitrification of these fertilizers could be 
observed even after the first week. This difference in nitrification of urea and 
(NH4)2SO 4 could be due to high pH in the urea treated soil because oxidation of 
ammonium increases with the pH, although the oxidation of nitrite by Nitrobac- 
ter is markedly inhibited because of the toxicity of free ammonia to Nitrobacter 3.
It is interesting to note that nitrification rate of untreated (NH4)2SO 4 and urea 
treated with 10 parts/t06 of malathion appeared to match more or less. This 
reduction in rates of hydrolysis as well as nitrification of urea can be an important 
factor in the efficient utilization of urea N. 
With the higher rate of malathion and both rates of parathion, the amounts of 
NO 3 - -N  realized were 20 to 30 per cent less than those obtained from untreated 
(NH4)2SO 4 even after 6 weeks when applied at 50 parts/106 though the effect was 
prominent even with 10 ~tg/g soil rate of the insecticide. 
To conclude, the work reported suggests that malathion and parathion in- 
secticides may influence ofNH~ + or NH4 + forming fertilizers by regulating their 
rates of mineralization i soils. This may be of significance to crops which can 
equally well utilize NH 4 +-N. The rates of mineralization of fertilizers will be 
governed by the time of application and amounts of organophosphorus in-
secticides present in the soil. By proper timings of NH 4 § fertilizers and organo- 
phosphorus insecticide applications to soil it may be possible to regulate N use by 
crops more efficiently in addition to pest management by the insecticides. 
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